W
IDESPREAD USE OF highly active antiretroviral therapy (HAART), available since 1996 for the treatment of human immunodeficiency virus (HIV) infection, has resulted in steep declines in HIV-related mortality through partial immune reconstitution, thereby preventing highly fatal opportunistic infections and other sequelae. 1, 2 Although HAART use is associated with prolonged survival from HIV infection and increased time to AIDS onset, not all groups have benefitted equally from its availability. [3] [4] [5] Most striking are disparate patterns of HIV mortality in the United States: HIV has risen in prominence as a cause of death for blacks while simultaneously falling in prominence for whites, and it was the ninth leading cause of death among blacks vs the 24th leading cause of death among whites in 2007. 6, 7 Many factors influence racial and ethnic disparities in HIV mortality rates, including differentials in the prevalence of HIV infection, [8] [9] [10] delays in diagnosis, 11 and an extended period before HAART initiation. 3 Despite the lack of a clear understanding of many of these factors, current evidence suggests that blacks have an elevated risk of death from HIV. 3, [12] [13] [14] Low socioeconomic status (SES) also has been associated with elevated HIV mortality, although previous studies either did not stratify by race/ethnicity 5, 15 or evaluated racial differences in mortality only for men.
Furthermore, these studies used county-level measures of SES, 4, 5, 15 which may not accurately reflect the influence of individual-level SES on HIV death rates. 16 Individual-level SES is likely to represent an individual's access to the health care system because, even within small areas, there are large gradations in resource distribution. 17 A previous study examined major causes of death in the United States (including HIV) by SES, although it ended in 2001 and did not focus on HIV. 18 Herein, we examine trends in HIV mortality by individual levels of educational attainment (as a proxy for SES) and by sex and race/ethnicity for the major segments of the population affected by the HIV epidemic.
METHODS

DATA SOURCES
We obtained HIV mortality data (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) ) from the National Vital Statistics System administered by the National Center for Health Statistics for non-Hispanic white, non-Hispanic black, and Hispanic men and women, the largest demographic groups with information available during the HIV epidemic. Deaths due to HIV infection (ie, HIV infection was the underlying cause of death) were classified according to the coding rules of the International Classification of Diseases, Ninth Revision (ICD-9; codes 042-044) for deaths occurring during 1993-1998 19 and according to the ICD-10 (codes B20-24) for deaths occurring from 1999 onward. 20 Although many HIV-infected individuals who die have multiple serious medical conditions at the time of their death, HIV infection was ultimately selected as the condition that initiated the train of events leading directly to death by interpreting the multiple causes of death on death certificates. 21 The study was exempted from human subjects review because it used publicly available deidentified vital statistics data.
Educational attainment recorded on death certificates was considered a marker of SES because education is associated with health, wealth, and access to the health care system. [22] [23] [24] Educational attainment based on years of schooling completed as reported by next of kin was classified into 3 categories: 12 years or fewer (high school graduate or less), 13 to 15 years (some college education), and 16 years or more (college graduate or postgraduate) and is the only individual-level SES marker on death certificates. These broad categories were selected to minimize misclassification due to potential underreporting or overreporting of educational attainment. 25 Analyses were restricted to deaths among those aged 25 to 64 years because people who died before age 25 may not have completed their education, and educational attainment is recorded more accurately on death certificates 25 and better predicts SES for individuals younger than 65 years than for older individuals. 26 Although educational attainment has been included on the standard US death certificate since 1989, routine collection began in 1993, and in 2003 the classifications were modified to report the highest degree received. 27 The gradual adoption of this new system complicates the interpretation of long-term trends. We therefore restricted our analyses to the 26 Population estimates were obtained in a custom tabulation from the US Bureau of Census (Victor Valdisera, US Bureau of the Census, personal electronic communication, 2010) based on the Annual Social and Economic Supplement to the Current Population Survey, an ongoing nationally representative household survey. 28 Mortality rates per 100 000 population were standardized to the 2000 US population in 10-year age increments: 25 to 34, 35 to 44, 45 to 54, and 55 to 64. 29 A study by Selik and colleagues 21 found that the implementation of ICD-10 coding practices in 1999 resulted in an increase in the number of deaths attributed to HIV compared with those that would have been attributed using ICD-9 coding practices (used during 1977-1998): deaths increased by 18% for non-Hispanic whites, by 9% for non-Hispanic blacks, and by 13% for Hispanics. We therefore increased the number of deaths during 1993-1998 by these correction factors to account for changes in coding practices, and all results presented are based on these adjustments.
STATISTICAL ANALYSIS
We calculated age-standardized death rates by 3-year intervals during 1993-2007 by sex, race/ethnicity, and educational attainment strata. Rates were suppressed if they were based on fewer than 10 deaths, in accordance with National Center for Health Statistics data use guidelines; if educational attainment was missing, those observations were excluded from educationspecific analyses. We sought to describe absolute and relative trends in declining HIV death rates by sex, race/ethnicity, and educational attainment. On the absolute scale, we calculated rate differences with corresponding 95% CIs 30 as the difference between rates during 2005-2007 (reflecting mortality during widespread HAART use) and 1993-1995 (when rates were at their peak and before widespread HAART use) by sex, race/ ethnicity, and educational level. We also calculated rate differences for those with 12 or fewer vs 16 or more years of education to assess education disparities across the two calendar periods, and rate differences were considered significant if their 95% CIs excluded the null value of zero. 30 The same comparisons were conducted on the relative scale by calculating rate ratios (RRs) with corresponding 95% CIs, and RRs were considered significant if their 95% CIs excluded the null value of one. 30 We also tested for a monotonic trend in RRs (on the log scale, weighted by the inverse of their variance) by education categories using linear regression. 30 The trend was considered significant if the Wald 2 test for that parameter had a P value less than .05. We also evaluated sex-and educational attainmentspecific death rates between non-Hispanic whites and nonHispanic blacks by calendar period to assess absolute and relative changes in rates over time by educational levels; these outcomes were considered significantly different if their respective 95% CIs did not overlap. Analyses were conducted using SAS, version 9.3 (SAS Institute, Inc).
Three-year mortality rates with corresponding 95% CIs during 1993-2007 by sex and educational attainment are presented for non-Hispanic whites and non-Hispanic blacks because these groups accounted for most deaths during the study. 31 Three-year rates were calculated for stability and because these categories allow for the comparison of rates during 1993-1995, reflecting mortality during the mono-and/or dual-HIV therapy era, whereas those occurring during 1996 onward reflect mortality in the HAART era. states. Generally, the proportion of all deaths among non-Hispanic whites decreased over time, while the proportion of deaths among non-Hispanic blacks increased, with less striking changes for Hispanics ( Table 1) . Within each race/ethnicity, most deaths occurred among those with low levels of educational attainment (ie, Յ12 years), and this proportion generally increased over time.
RESULTS
Our analysis included
Overall, death rates due to HIV infection declined over time for most men and women for each race/ ethnicity and educational level (Figure 1) . The largest absolute declines in death rates between 1993-1995 and 2005-2007 were among non-Hispanic blacks and Hispanics of every educational level due to their high baseline death rates relative to non-Hispanic whites ( Figure 1 and Table 2 ). For example, the largest absolute decline was for the most educated (ie, Ն16 years of education) non-Hispanic black men (rate difference, 102.54; 95% CI, 85.42-119.66), although there were significant declines for men and women of every racial/ethnic and educational group except for the least-educated non-Hispanic black women and for Hispanic women with 13 to 15 years of education (Table 2) .
Overall, HIV mortality rates also significantly declined on the relative scale for men and women of every race/ethnicity (Table 2 ). Relative declines were largest for those with the highest level of educational attainment (ie, Ն16 years): 93% (RR, 0.07; 95% CI, 0.06-0.08) for nonHispanic white men and 88% (0.12; 0.06-0.25) for nonHispanic white women. Death rates also significantly declined for most non-Hispanic black men and women, although the relative declines were generally smaller than those observed for non-Hispanic whites, and rates were unchanged for non-Hispanic black women with 12 or fewer years of education (RR, 0.90; 95% CI, 0.79-1.02). Relative declines in death rates among Hispanic men were steepest for those with 16 or more years of education (RR, 0.06; 95% CI, 0.03-0.14). Notably, the magnitude of the relative declines (as measured by the RR) increased with increasing levels of educational attainment for nonHispanic white and non-Hispanic black men and women and for Hispanic men (P Ͻ .001 for all groups).
Between 1993-1995 and 2005-2007, both absolute and relative disparities in HIV death rates significantly widened between the most-and least-educated nonHispanic white and non-Hispanic black men (Table 2) . Among non-Hispanic white women, the relative education disparity significantly widened from an RR of 3.68 (95% CI, 2.63-5.17) during 1993-1995 to 17.80 (9.13-34.69) during 2005-2007, and there were no significant changes in the education disparities for other women.
Death rates due to HIV infection were also significantly elevated among non-Hispanic blacks relative to non-Hispanic whites within every education category. For example, among the most-educated men, rates were 4 times higher (95% CI, 3.83-5.20) during 1993-1995 and almost 9 times higher (6.56-11.21) during 2005-2007 among blacks compared with whites (Figure 2) . Death rates were also significantly higher for non-Hispanic black vs non-Hispanic white women by all levels of educational attainment (Figure 2) . Notably, among nonHispanic black men with the highest levels of education (ie, Ն16 years) during 2005-2007, rates were more than 3 times as high compared with those among the leasteducated (ie, Յ12 years) non-Hispanic white men (15.35 vs 5.04 per 100 000 population) ( Table 2) . 
COMMENT
In this large population-based analysis of trends in HIV death rates, we document overall significant, yet different, absolute and relative declines in mortality by sex, race/ethnicity, and individual-level educational attainment as a proxy for SES. There were strong declines for all groups except for non-Hispanic black women of low SES. Relative declines were generally greater for those with higher educational attainment and for non-Hispanic whites, and these trends resulted in widening gaps between these groups. However, absolute declines were generally greater among nonwhites owing to their higher baseline rates. To our knowledge, this is the first study to assess declines in HIV mortality both within and between sex and racial and ethnic groups using detailed individuallevel SES information. We identify several groups for whom rates remained unchanged and/or with a substantial burden of HIV mortality, even during the HAART era.
Our findings complement those of others demonstrating heterogeneity both in magnitudes of decline and in death rates themselves by sex and race/ethnicity [3] [4] [5] and provide additional context by individual levels of educational attainment as a proxy for SES. Relative declines in Male, non-Hispanic black 10 1 9 9 3 -1 9 9 5 1 9 9 6 -1 9 9 8 1 9 9 9 -2 0 0 1 2 0 0 2 -2 0 0 4 2 0 0 5 -2 0 0 7 1 9 9 3 -1 9 9 5 1 9 9 6 -1 9 9 8 1 9 9 9 -2 0 0 1 2 0 0 2 -2 0 0 4 2 0 0 5 -2 0 0 7 1 9 9 3 -1 9 9 5 1 9 9 6 -1 9 9 8 1 9 9 9 -2 0 0 Female, non-Hispanic black 5 1 9 9 3 -1 9 9 5 1 9 9 6 -1 9 9 8 1 9 9 9 -2 0 0 1 2 0 0 2 -2 0 0 4 2 0 0 5 -2 0 0 7 1 9 9 3 -1 9 9 5 1 9 9 6 -1 9 9 8 1 9 9 9 -2 0 0 1 2 0 0 2 -2 0 0 4 2 0 0 5 -2 0 0 7 1 9 9 3 -1 9 9 5 1 9 9 6 -1 9 9 8 1 9 9 9 -2 0 0 1 2 0 0 2 -2 0 0 4 2 0 0 5 -2 0 0 7 In addition, the black-to-white mortality disparities were generally similar across educational levels in both periods (1993-1995 and 2005-2007) , highlighting racial disparities in HIV prevalence, treatment, a Death rates per 100 000 persons in the general population were calculated by dividing the number of people with HIV recorded as the underlying cause of death on their death certificate by the corresponding estimated population by sex, race/ethnicity, and educational attainment and were age adjusted to the 2000 standard US population. The "All education" category includes individuals with unspecified levels of educational attainment. and prevention within each level of education, which may be due to a combination of societal and environmental factors. Nonetheless, our findings suggest the importance of considering individuals not only on the basis of race/ethnicity but also by SES for the purposes of allocating resources for HIV prevention and treatment. Among women, nonwhites had smaller relative but greater absolute declines in HIV mortality. Notably, there was no significant change in death rates for nonHispanic black women with 12 or fewer years of education on either scale. Death rates also declined for some Hispanic women but remained elevated compared with those among non-Hispanic whites in every education category during [2005] [2006] [2007] . On the basis of these findings, we posit that non-Hispanic black men and minority women (ie, non-Hispanic blacks and Hispanics), and in particular those with low SES, may be exceptionally vulnerable to HIV deaths owing to a combined lack of knowledge of HIV prevention, lack of knowledge of their own HIV status, lack of access to the health care system, social stigma, and marginalization. Higher HIV mortality among non-Hispanic blacks vs non-Hispanic whites may be at least in part explained by a number of complex factors, including differential rates of HIV infection by sex, race/ethnicity, 9 and SES, 10 as well as delays in diagnosis, 11 lack of receipt of HAART, 33 poor adherence to HAART, 12 and prevalence of comorbid conditions (eg, tuberculosis). 34 Increased access to the health care system may be particularly important. A study in a managed care organization found no racial disparities in mortality, underscoring the potential role of access to care in ameliorating disparities in other settings. 35 Higher rates of all-cause mortality among HIV-infected individuals receiving treatment through publicly funded sources (eg, low SES) vs privately insured individuals were recently found in another study, although differences in mortality largely reflected variations in comorbidities between the two groups. 36 A recent meta-analysis of data from the AIDS Clinical Trials Group suggested that black race was associated with a 40% increased risk for virologic failure after adjustment for factors associated with HAART adherence, 37 underscoring the need for additional research assessing the roles of both societal-level and host characteristics in optimizing HAART regimens. Finally, interventions that improve clinical management of HIV infections among individuals with low SES, earlier initiation of HAART, and linkage to care are also important to improving both individual-and community-level HIV-related outcomes. 38, 39 Our study has a number of strengths. First, the large, population-based nature of our data allows for the accurate estimation of HIV death rates by individual-level SES among non-Hispanic whites and non-Hispanic blacks, the two largest groups affected by the HIV epidemic in the United States. In addition, data on educational attainment was 96% complete. We also adjusted for the potential impact of changes in coding practices for HIVrelated deaths between ICD-9 and ICD-10, allowing for an accurate assessment of temporal trends in rates. Also, we present findings on both the absolute and relative scales, providing additional context with which to consider the burden of HIV-related deaths in these populations, especially among non-Hispanic blacks, who are disproportionally affected by HIV and among whom most new infections now occur. 40 Our study also has limitations. We took individual levels of educational attainment to be a marker for SES, although SES is a multidimensional construct comprised of individual-level and societal-level factors. We were unable to account for other factors associated with HIV mortality, including clinical characteristics (eg, nadir CD4 or response and adherence to HAART) as well as other determinants, such as health insurance, because this information is not collected on death certificates. In addition, consistent educational attainment information was available from only 26 states during 1993-2007, precluding the generalization of our findings to other states and to those not aged 25 to 64 years. However, the relative declines in the 26 states in the study were similar to those in the remaining 24 states and the District of Columbia for people of the same ages (eTable; http://www .archinternmed.com). Death rates from HIV infection were higher in the areas not included in the current analysis, reflecting geographic features of the HIV epidemic, 9 resulting in different absolute changes over time. Nonetheless, the conclusions drawn from absolute and relative changes were the same. Finally, we did not examine specific contributing causes of death, of which there are likely to be many among people with HIV (eg, opportunistic infections, malignant neoplasms, or cardiovascular disease), and evaluating trends in mortality from these sequelae may also be informative and should be an area of future research. Despite these limitations, our findings suggest the aggregate effect of changing patterns of access to HIV prevention, screening, and treatment by SES levels on progress in declining HIV death rates over time in the United States.
We documented substantial absolute declines in HIV death rates during 1993-2007 for all groups, although relative declines were greatest among those with the highest vs lowest levels of SES, leading to widening inequalities. Notably, HIV death rates remained markedly high among non-Hispanic black men of all SES levels and were unchanged for non-Hispanic black women in the lowest SES strata. These findings suggest the need for focused interventions and resources to facilitate the identification of high-risk individuals, as well as entry and retention into care for these most vulnerable groups affected by the HIV epidemic in the United States.
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